Introduction {#s1}
============

Since the introduction of colonoscopy in the 1960s \[[@R01]\], it has been widely used as a diagnostic and therapeutic tool for many conditions, including colorectal cancer and polyps, respectively. Colonoscopy complications include perforation, hemorrhage, abdominal pain and the risk of anesthesia. Although rare, perforation is the most dangerous complication that occurs in the immediate post-colonoscopy period with an estimated risk of less than 0.1% \[[@R02]\].

The quality indicator targets per the American College of Gastroenterology/American Society for Gastrointestinal Endoscopy Task Force on Quality in Endoscopy recommend a target of perforation rate of less than 1 per 500 colonoscopies (less than 1 per thousand screening colonoscopies) \[[@R03]\].

Teaching hospitals are an integral part of the healthcare system. They serve the uninsured population, provide advanced research and specialized patient care, and educate future physicians \[[@R04], [@R05]\]. They offer superior care compared to non-teaching hospitals \[[@R06]\]. But, the cost has shown to be higher \[[@R07]\].

Studies examining the risk of colonoscopy perforation in teaching hospitals compared to non-teaching hospitals are lagging. The purpose of our study was to examine the perforation rates among patients undergoing colonoscopy at teaching versus non-teaching hospitals.

Materials and Methods {#s2}
=====================

Data source {#s2a}
-----------

The National Inpatient Sample (NIS) was utilized, which is a part of the Healthcare Cost and Utilization Project, sponsored by the Agency for Healthcare Research and Quality. The NIS is the most extensive, publicly available inpatient healthcare database. It contains all-payer data from 20% nonfederal US acute care hospitals. It encompasses more than 7 million unweighted discharges per year. Each hospitalization can be transformed into weighted count by discharge weight provided in the dataset to yield national estimates. The data include discharge-level records on demographics, diagnosis, procedures, healthcare statistics, length of stay and utilization data. The database provides hospitalization characteristics in a manner of location and type which divides the hospitals into teaching and non-teaching. The NIS uses the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coding system to collect 25 discharge diagnoses and 15 procedures on each hospitalization \[[@R08]\].

Since no personal identifiers were used in the registry data, the NIS database is exempt from IRB. Due to the retrospective nature of this study, formal consent is not required.

Study population {#s2b}
----------------

A retrospective analysis of NIS discharge data from January 1, 2010 to December 31, 2014 was performed. ICD-9-CM procedure codes 45.22, 45.23, 45.25, 45.26, 45.27 and 45.43 were used to identify adult patients (\> 18 years old) who underwent inpatient colonoscopy. We excluded patients with colon cancer using ICD-9-CM diagnosis codes 153.0-154.3, 154.8. Post-procedure perforation was identified using ICD-9-CM diagnosis code for perforation of the intestine and accidental puncture or laceration during a procedure (ICD-9 codes 569.83 and 998.2). Colonoscopies done in urban teaching hospitals were compared to colonoscopies done in rural and non-teaching urban hospitals. Those codes have been validated and used in previous studies \[[@R9], [@R10]\].

Study variables {#s2c}
---------------

The analysis included baseline characteristics of our study cohort, including age, sex, race and insurance type. We included ulcerative colitis (ICD-9-CM diagnosis codes 556.0, 556.1, 556.2, 556.3, 556.4, 556.5,556.6, 556.8, 556.9) and Crohn's disease (ICD-9-CM diagnosis codes CD 555.0, 555.1, 555.2, 555.9) to account for inflammatory bowel disease (IBD) as a possible confounder of the primary outcome of post-operative perforation \[[@R9]\]. We also studied the dilatation of stricture and polypectomy rates in both cohorts. We utilized the Elixhauser comorbidity index as a method of categorizing comorbidities of patients based on the International Classification of Diseases (ICD) diagnosis codes.

Outcomes {#s2d}
--------

The primary outcome of this study was the rate of post-colonoscopy perforation.

Statistical analysis {#s2e}
--------------------

We analyzed the data using STATA 15 (StataCorp, College Station, TX, USA). Statistical hypotheses were tested using P \< 0.05 as the level of statistical significance for univariate and multivariate analyses. We used Pearson's Chi-square test for categorical variables and Student's *t*-test for continuous variables. The categorical and continuous variables were stated in percentages and mean ± standard deviation (SD), correspondingly. A bivariate analysis was conducted to compare the demographics, covariates and outcomes of interest between the study and control groups. The discharge weights were used to estimate 95% confidence intervals (CIs) for point estimates and reflect nationwide data during the study period (2010 - 2014).

We conducted a multiple logistic regression model to adjust for the covariate variables that were found to be statistically significant in univariate analysis.

Results {#s3}
=======

The study population included 257,006 patients from the NIS registry who underwent inpatient colonoscopy from 2010 to 2014. When discharge weights were applied, the study population represents 1,273,042 discharged patients for the study period. Non-teaching hospitals had more patients (669,250) when compared to teaching hospitals (603,792). The teaching hospitals had a mean age of 66 years, with females representing 53% of the services population, while non-teaching facilities had a mean age of 68 years with more female patients (55%). The racial distribution between the teaching and non-teaching facilities included whites (62% vs.72%, P \< 0.0001), African-Americans (23% vs. 14%, P \< 0.0001), Hispanics and Asians, which were similar between two groups (P \< 0.0001). Teaching hospitals cared for a significantly higher number of patients with ulcerative colitis and Crohn's disease (9% and 1.6%, respectively P \< 0.0001). Polypectomy rates were statistically similar between the two cohorts (P = 0.17), in contrast with the dilatation of stricture rates, which were higher in teaching facilities (P = 0.002). Patients of teaching facilities had more comorbidities, with 70% of the cohort having Elixhauser score of 4 or more when compared to 67% in the comparison cohort (P \< 0.0001) ([Table 1](#T1){ref-type="table"}).

###### Demographic Characteristics of Patients Who Underwent Colonoscopy Between 2010 and 2014 Stratified by Teaching vs. Non-Teaching Facilities

  Variables                         Total       Non-teaching    Teaching        P value
  --------------------------------- ----------- --------------- --------------- -----------
  No. of observations, unweighted   257,006     135,652         121,354         
  No. of observations, weighted     1,273,042   669,250         603,792         
  Age, mean (SD)                                68 (15)         66 (15)         \< 0.0001
  Sex                                                                           
    Female, N (%)                   682,062     365,012 (55%)   317,050 (53%)   \< 0.0001
    Male, N (%)                     590,655     304,023 (45%)   286,632 (47%)   
  Race                                                                          
    White                           797,383     451,028 (72%)   346,355 (62%)   \< 0.0001
    Black                           215,822     85,997 (14%)    129,824 (23%)   
    Hispanic                        115,739     61,225 (10 %)   54,513 (10%)    
    Asian                           27,557      13,240 (2%)     14,317 (2%)     
    Others                          35,109      17,427 (2%)     17,682 (3%)     
  Ulcerative colitis                10,242      4,869 (7%)      5,374(9%)       \< 0.0001
  Crohn's disease                   17,675      7,870 (1.2%)    9,805 (1.6%)    \< 0.0001
  Polypectomy                       44,911      23,134 (3.4%)   21,777 (3.6%)   0.17
  Stricture                         5,443       2,587 (0.4%)    2,856 (0.5%)    0.002
  Insurance                                                                     
    Medicare                        808,730     440,454 (68%)   368,277 (63%)   \< 0.0001
    Medicaid                        112,512     52,624 (8%)     59,888 (10%)    
    Private insurance               259,139     131,034 (20%)   128,106 (22%)   
    Self-pay/no charge/other        55,623      26,419 (4%)     29,204 (5%)     
  Elixhauser comorbidity index                                                  
    0                               59,210      33,157 (5%)     26,053 (4%)     \< 0.0001
    1 - 3                           346,130     188,437 (28%)   157,693 (26%)   
    ≥ 4                             867,701     447,655 (67%)   420,046 (70%)   

SD: standard deviation.

The univariate analysis results are shown in [Table 2](#T2){ref-type="table"}, and statistically significant data were used in the multiple logistic regression. After adjustment with multivariate regression ([Table 3](#T3){ref-type="table"}), the teaching facilities had a higher odds ratio (OR) of perforation 1.23 (CI 1.07 - 1.42, P = 0.004). There was statistical significance between the two groups when it came to female sex (OR 1.35, 1.16 - 1.56, P ≤ 0.001), ulcerative colitis and Crohn's disease (OR 2.41 and 2.40, respectively with P ≤ 0.001). The highest OR (5.19, P ≤ 0.001) was observed in patients undergoing dilatation of a stricture as can be anticipated. Interestingly, polypectomy did not affect the rate of perforation. We noted that African-Americans and races labeled as others were less likely to develop perforation following colonoscopy when compared to the white population. Comorbidities were not noted to affect the OR for perforation.

###### Univariate Odds Ratio for Perforation Post-Colonoscopy in Teaching Facilities Compared to Non-Teaching by Logistic Regression Model

  Variables                      Crude odds ratio with confidence interval   P value
  ------------------------------ ------------------------------------------- -----------
  Perforation                    1.17 (1.02 - 1.34)                          0.02
  Age                            1.00 (0.99 - 1)                             0.39
  Female sex                     1.29 (1.12 - 1.47)                          \< 0.0001
  Ulcerative colitis             2.67 (1.67 - 4.28)                          \< 0.0001
  Crohn's disease                2.71 (1.9 - 3.85)                           \< 0.0001
  Dilatation of stricture        6.04 (3.92 - 9.31)                          \< 0.0001
  Polypectomy                    1.13 (0.81 - 1.59)                          0.47
  Race                           0.88 (0.82 - 0.96)                          0.005
  Insurance                                                                  
    Medicare                     Referent                                    
    Medicaid                     0.81 (0.62 - 1)                             0.12
    Private insurance            1.04 (0.88 - 1.23)                          0.59
    Self-pay/no charge/other     0.78 (0.55 - 1.13)                          0.196
  Elixhauser comorbidity index                                               
    0                            Referent                                    
    1 - 3                        0.72 (0.54 - 0.96)                          0.027
    ≥ 4                          0.69 (0.52 - 0.90)                          0.008

###### Multivariate Odds Ratio for Perforation Post-Colonoscopy in Teaching Facilities Compared to Non-Teaching by Logistic Regression Model

  Variables                      Adjusted odds ratio with confidence interval   P value
  ------------------------------ ---------------------------------------------- ----------
  Teaching                       1.23 (1.07 - 1.42)                             0.004
  Female sex                     1.35 (1.16 - 1.56)                             \< 0.001
  Ulcerative colitis             2.41 (1.46 - 3.97)                             0.001
  Crohn's disease                2.40 (1.65 - 3.51)                             \< 0.001
  Dilatation of stricture        5.19 (3.21 - 8.39)                             \< 0.001
  Race                                                                          
    White                        Referent                                       
    African-American             0.65 (0.53 - 0.80)                             \< 0.001
    Hispanic                     0.94 (0.74 - 1.20)                             0.62
    Asian                        0.98 (0.62 - 1.56)                             0.94
    Others                       0.45 (0.26 - 0.81)                             0.007
  Elixhauser comorbidity index                                                  
    0                            Referent                                       
    1 - 3                        0.76 (0.56 - 1.05)                             0.10
    ≥ 4                          0.77 (0.57 - 1.04)                             0.09

Discussion {#s4}
==========

In our nationally representative study, we found a statistically significant increase in the risk of colonoscopic perforation in teaching hospitals compared to non-teaching. After multivariate regression analysis, factors associated with increased risk of perforation included female gender, IBD and dilation of a stricture. Becoming aware of patients at increased risk for complications is essential, considering the increasing number of colonoscopy procedures \[[@R11]\].

A possible explanation for the increase in perforation is that teaching hospitals treat referred patients with complex conditions \[[@R12]\]. Multiple studies demonstrated that referred patients, including intensive care unit patients, have higher rates of complications, mortality and length of stay \[[@R13]-[@R15]\].

Studies examining the effect of fellows' involvement on colonoscopy outcomes are contradicting. Smaller studies, including a Swedish study of about 6,000 colonoscopies, and another study of about 1,000 patients all reported increased perforation risk with less experience \[[@R16], [@R17]\]. On the other hand, larger studies, including Wexner et al of about 13,000 colonoscopies and an Australian study of 23,000 patients, found no statistical significance \[[@R18], [@R19]\]. Anderson et al reported a non-statistically significant increased risk of perforation (P = 0.625) when gastroenterology fellows are involved \[[@R20]\]. However, adverse colonoscopy events were reported to be associated with lesser experience \[[@R21], [@R22]\]. Marshal et al suggested that colonoscopy skills are acquired with time, needing more than 100 procedures to reach competence, which is higher than the number needed for graduation \[[@R23]\].

Previous studies indicated an increased risk of perforation with colonoscopic intervention compared to screening \[[@R22], [@R24]\]. Proposed mechanisms include trauma from the scope and air insufflation, endoscopic submucosal dissection of colorectal tumors \[[@R25]\], removal of polyps greater the 2 cm \[[@R26]\] and colon stricture dilation \[[@R27]\].

Polypectomy using electrocautery increases the risk of perforation through thermal injury to the colon wall. For this reason, the cold snare has been established to be safer when used for polyps less than 1 cm \[[@R28]\] and even larger than 1 cm in a recent study \[[@R29]\]. Cold snaring has also been reported to carry a lower bleeding risk in patients on anticoagulation or aspirin. Better control of the snare tip through practicing and changing angles is advised to decrease the perforation risk \[[@R28]\]. However, in our study, the removal of polyp did not yield any increase in the risk of perforation between the two study groups.

The highest risk of perforation in our study was in patients who underwent stricture dilation, followed by the presence of IBD. This may be related to the higher number of IBD, and stricture dilatation patients in teaching hospitals compared to non-teaching in our study.

Colonoscopy is essential in the care of patients with IBD. It is used to establish the diagnosis, grade the severity, assess response and screen for neoplasia \[[@R30]\]. IBD patients, and especially Crohn's disease, are known to develop stricture as a complication of their disease. Proposed explanations include prolonged inflammation, hyperplasia of smooth muscles and hypertrophy of stem cells, all leading to a fibrosing reaction \[[@R31]\]. Previous studies reported an increased risk of perforation in IBD patients \[[@R9], [@R32]\]. Possible mechanisms include excessive pressure from the air used in colonoscopy and direct injury from the scope \[[@R31]\]. Other risk factors include anatomical complications, including strictures, use of steroids and biological agents and history of abdominopelvic surgical interventions. Decreasing risk of pressure trauma and perforation may be achieved by using the minimum air insufflation and observing for abdominal distension, gradual dilation of IBD-related stricture and dilating to a maximum diameter of less than 25 mm \[[@R33], [@R34]\].

Female gender is another risk factor for perforation in our study, agreeing with some previous studies \[[@R35]\]. Difficulty in colonoscopy in females may be associated with reduced abdomen cavity size, less resistance from lower abdomen muscle mass and increased depth of pelvis - all contributing to increased angulation and looping of the colon. Decreasing perforation risk may be achieved by frequent repositioning, applying pressure to the abdominal wall and the use of smaller size colonoscopes \[[@R36]\].

Limitations {#s4a}
-----------

Our study includes several limitations that should be mentioned. First, the data do not specify the severity of some variables like IBD or of the stricture, which may affect the outcome. Second, the data lack specific information about the involvement of fellows, and if so, the year of training for the fellows, as experience relates to complications risk as mentioned above. Third, no post-discharge follow-up data are included in the data set. Lastly, although the NIS database has been validated and vastly used across different specialties, errors related to variables in coding may occur.

Conclusion {#s4b}
----------

Colonoscopy perforation rates were higher in teaching hospitals. Variables associated with increased risk were female gender, presence of IBD and dilation of strictures. More studies are needed to examine this association.
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